Adipose tissue is an important source of angiotensinogen (AGT). Recent evidence shows that a local renin ± angiotensinogen system (RAS) is present in human adipose tissue and may act as a distinct system from plasma RAS. In obese patients, the involvement of angiotensin II (angII) as a consequence of increased plasma AGT secreted from adipose tissue has been proposed in the development of hypertension. Another role of AGT via angII in the development of adipose tissue is supported by the following: (i) in vitro, angII stimulates the production and release of prostacyclin from adipocytes, which in turn promotes the differentiation of precursor cells into adipocytes; (ii) ex vivo and in vivo, both angII and (carba)prostacyclin promote the formation of new fat cells; and (iii) AGT 7a7 mice exhibit a slowing down of adipose tissue development, as compared to wild-type mice. Altogether the data are consistent with an autocrineaparacrine mechanism implicating AGT, angII and prostacyclin in adipose tissue development.
Introduction
Angiotensinogen (AGT) is the unique substrate of renin and the precursor of angiotensin II (angII) in the renin ± angiotensin system (RAS), which plays a major role in the regulation of blood pressure as well as in Na and extracellular¯uid balance. Additional roles for AGT have been suggested since various pieces of evidence support the existence of local RAS in different tissues, including the expression of AGT in white and brown adipose tissue. 1 Firstly, the involvement of RAS in organogenesis has been proposed as the angII receptor of the AT2 subtype is transiently expressed at high levels in rodent, primate and human fetuses.
2 ± 4 Secondly, with respect to adipose tissue, which is the major source of AGT after the liver, the characterization in adult rodents of renin-like and angiotensin I-converting enzyme (ACE) activities has suggested the occurrence of a functional RAS. 5 ± 7 Recent data 8, 9 have shown that in isolated human adipocytes and cultured adipose cells the following are detectable: (i) AGT by RT-PCR and Western blot; (ii) renin by RT-PCR; (iii) ACE by RT-PCR and Western blot; and (iv) angII production by radioimmunoassay.
Hormonal regulation of angiotensinogen gene expression and secretion in preadipose and adipose cells
In preadipose cells, long-chain natural (LCFA) and nonmetabolized fatty acids behave as activators of AGT gene expression. Accumulation of AGT mRNA is primarily due to increased transcription of the gene. This phenomenon is reversible upon fatty acid removal. Nevertheless maximal expression and secretion of AGT appear mainly as late-differentiation events. 10 In adipose cells (carba) prostacyclin, a stable analog of prostacyclin arising from arachidonic acid metabolism, is unique among prostanoids in increasing AGT mRNA accumulation and AGT secretion. 11 In both cases the speci®city pro®les implicate PPARd andaor PPARg in the transcriptional effect of LCFA and (carba)prostacyclin on the AGT gene, 10, 11 but so far no peroxisome proliferator-response element (PPRE) has been reported within its promoter region. In preadipose and adipose cells, glucocorticoids up-regulate the expression of AGT gene through increased transcription. In contrast to liver cells, which are the major source of AGT and the target of several hormones up-regulating its expression, adipose cells are only responsive to glucocorticoids in a dose-dependent manner. Similar results have been obtained using explants of rat white adipose tissue ex vivo. 12 The role of insulin remains unclear as AGT mRNA accumulates in adipose cells when the hormone is present at high concentrations (10 nM ± 1 mM), 13 whereas at lower concentrations (1 ± 10 nM) a down-regulation of AGT mRNA and AGT secretion is observed, 14 consistent with the up-regulation of AGT gene expression in human adipocytes cultured in insulin-free medium. 13 The physiological signi®-cance of the hormonal regulation of adipose tissue AGT with respect to increased angII production, leading possibly to elevated blood pressure, remains to be shown. However a role of AGT in the development of white adipose tissue has recently been proposed, as discussed below.
Cross-talk between adipocytes and precursors and the role of prostacyclin
In co-culture experiments, angII stimulates the production and release of prostacyclin from adipocytes only. 15, 16 Prostacyclin has been identi®ed as the chemical relay which in turn promotes the differentiation of preadipocytes into adipocytes, because preadipocytes are able to respond to prostacyclin acting as an adipogenic hormone. 17 In vivo, angII stimulates speci®cally prostacyclin production in adipose tissue, and this production has been attributed to adipocytes. 18 These observations emphasize the putative role of prostacyclin as a relay between adipocytes and preadipocytes in promoting the formation of new fat cells. This hypothesis is supported by two lines of evidence: (i) when explants of rat white adipose tissue are exposed to carbacyclin, a dramatic increase in the proportion of differentiating and differentiated adipose cells is observed at the expense of undifferentiated cells; exposure to angII brings a similar effect which is abolished in the presence of cycloxygenase inhibitors; and (ii) a recruitment of precursor cells within a few hours is also observed in vivo after microdialysis of adipose tissue with carbacyclin. Altogether, the data support the role of the triad angiotensinogenaagiotensin IIaprostacyclin in the development of adipose tissue.
Angiotensinogen and development of white adipose tissue
The critical role of angiotensinogen through angII production in the regulation of blood pressure is well known, 19 but its role in white adipose tissue development has remained unclear. Angiotensinogen-de®cient (AGT 7a7 ) mice exhibit decreased blood pressure. 20 Comparative studies have been performed on the cellularity of subcutaneous and epididymal fat depots of AGT 7a7 and wild-type mice. At 6 weeks of age, the results show a slowing down in fat tissue growth in AGT 7a7 mice. Clearly, in these mice, adipose tissue development is still taking place owing to the multiplicity of redundant signals which govern the critical expression of PPARg, ie its regulation via CaEBPbad, ADD1 and PPARd. 21 Last but not least, AGT 7a7 mice reexpressing speci®cally angiotensinogen in adipose tissue should shed some light on the development of adipose depots and the parallel elevation, if any, of blood pressure (Massie Âra et al, unpublished experiments).
